PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2000-01 2896 

(43)Date of publication of application : 14.01.2000 



(51)Int.CI. 


H01L 33/00 




(21 Application number : 10-173263 


(71)Applicant 


: SHOWA DENKO KK 


(22)Date of filing : 1 9.06.1 998 


(72)Inventor : 


TERAJIMA KAZUTAKA 




UDAGAWA TAKASHI 



(54) GROUP m NITRIDE SEMICONDUCTOR ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a base laminate layer 
by constituting a III— V compd. semiconductor single crystal 
substrate from GaAs, a buffer layer on the substrate surface 
from specified B phosphide-based III— V compd. 
semiconductor single crystal and a III compd. semiconductor 
crystal layer making a junction with the buffer layer from 
specified BP nitride ternary mixed crystal. 
SOLUTION: On a BP-based buffer layer 102, a III compd. 
semiconductor crystal layer advantageously acting to make 
the lattice-matching with an Al nitride Ga-In mixed crystal 
(AlxGaylnzN: 0<x, y, z<1, x+y+z=1) is bonded and constituted 
from a BP nitride ternary mixed crystal 106 (BP1-xNx: 
0<x<1), because BP1-xNx ca be lattice matching the 
AlxGaylnzN mixed crystal. A base laminate layer system 
composed of a bond structure of the BP-based buffer layer 
102 and BP1-xNx 106 which can lattice match the BP-based 
buffer layer 102 with the AlxGaylnzN. 
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in -vmtGm*mwma&iRt. 
in - vmitay)*&wmmM,mm<mtif u ■> a «t 

?S:GaAs) #>&&9, 

ISA (B , Pj : i > U j S 1 ) oMf?: 5 96J51T 

m'JvftW (bp) *in - v»Kk^«j*aM*e 

<tU >{b«S*35E;SBl (BP,-» N x : 0<X< 1) * 
fc(±M{b5tt{t«l3 7tt!H (BAs.-y Ny : 0<Y< 

rarass 2 i ±is*giig#, y vftw* • -f > y ■> /» 

£j| (Bu I n, P : 0<U< 0. 3 2, U+W= 1 ) 
[0 0 0 1 ] 

fc«IMMK** 5» 1 1 1 i£M{b^¥ 

[0 0 0 2] 

[$*©£«] -aaiciii mmim^mbmTtwftz 

tl%?'UZ (device) Ktt. Wfe<£if©3S^ 
pTS3tH3t^'f*-l f (55B§^: LED) — ??*-( 
it— K (3*BSfa: LD) fc^OfSft^tfifc* (Ma 
t. Res. Soc. Symp. Proc. .Vol. 
449 (1997). 509-51 8HM) . « 
*.tf . -> a -y b * (Schottky) J£§*#M!jS3! 
F7>yX? (3SH&** : ME SFET) ft^wVPf/* 
-f^m (Proc. OF THE TOPICAL 

WORKSHOP ON III -V NITRIDE 
S (21-23. Sept. 1995) (P E RG AM 
ON PRESS), 97-100 H#PS) . 

[0 0 0 3] A/u? (bulk) T'U XT-lttK, » 

Sl^li. *&J?So£A 1a G a b I n c M,-z N z (OS 
A. B. CS 1 . A+B + C= 1 . 0<ZSK fE^M 

-5. 0iJ;Ltf, I^Sih7>yX? (3SH&ffc: FE 
T) ti. mitTJVl-H* • if<) ^Mal (A 1 A Ga 
B N : 0SAS 1. A+B= 1) SrSffll (^-r*;U 
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fc. AligfiWmLED^LDti. MfbtfU • -f >v 
(Ga B Inc N: 0SBS 1. B + C= 1) 

[0 0 0 4] HfflKMoTt^III J£S{b4fcl¥#4*-TV< 
2 0 3 *«ftJi* ( 6 H - S i C) 

io *. L^L-mtf, v-7 r 4 7WSLt\\\ mm\m^m 

WX$>Z>m.<trtVJ^ (GaN) t <D^(D 5 X^"y 
(mi sma t c h) JSt±. E|S]S^^HLT *> 1 3. 
8%<o*;£tHzM?% ( ra*$S B s B ^fi^|Sj , Vo 
1. 15. No. 3 & 4 (1988). 74-82 H# 

(;:. ^7 7^T»1£*®±t-iSiiJS£IHi^©#, fit 
*^?>-«Wi:tt-9^* (#M¥2 - 2 2 9 4 7 6^ 
£$PJl*fflS#PI) . *S8jJSW:. A 1a Ga B N (OSA 

si. a+b= i ) m&fr^mf&-tz><ofr~mbuu : & 

20 ft^T-*^ «D«flB¥2 - 2 2 9 4 7 6 mktfOftfflW- 
4 - 2 9 7 0 2 3^ffqmflM»)M) . *fc««JfC±, 
Hffl±i&4 0 0t;~^6 0 0t fcJt»tttefi-T?j£il£ft 
3fc«>. {SSJfijJf ft^o -5 (^ £i5S> 

ri 1 1 -VMt^ll*S»J ( 1 9 9 4^5^ 2 0 BW 
fi£. (AO JMUMMt ) . 3 3 4 B#M) . 

[0 0 0 51 LfrL. •9-7T'fTs!ct^±A?3 B B B ©K{bii 
* (6H-S iC) «r»IRt Lfcfl£*©WMBft»K 

c±. in im<m¥mtem?zmm-tz±-em£cDmm 

( 1 ) WR3ft«W«Ke»lltt*MLft 

( 2 ) «««<Ciie»ttKH**- S v 
?mm<»UW%irfitfm)$:®.Z>Z. tX*ib& (Elect 
r on. Lett. , 3 3 ( 2 3 ) ( 1 9 9 7 ). 1 9 
8 6 - 1 9 8 7H#{1) o OlWM. (wurzi 

t e ) Mott&on&msmm mm^ 2-22947 

^^^HBj&^^-SSJBW^-eii, t'^^/ (p i 
e zo) Mm *«583K-i-*. FETfcif©* 

t'J7 (^(c. «^) ©fl;ifi6(Ttt«:*'Jffl+*^' t ^^ 
40 lc*or(±. (±IHro rin -VMk^i 

#j . 1 7 8M#M) frol^ia^^ffl^iS^tt 

©iS]±^E*$n-5X^*^^. 

[0 0 0 6] iWfctf). ^7 7-f7fffly^J B 3 B 11Si:ft 

iLt, iii -v8Ht-&«3*aM«gfiae^ti^^*> 
1 1 1 ^{b^^^^s s: «w-r * K* t & * nr ^ * 

(J. Electrochem. Soc. , 120 (1 
2) (1973). 1783-1785 M#PS) . Z<D 
i-5ftS£*atBo«|(c*ort± % SMt^'J^^ (GaA 
50 s ) ^ 'J >-fb# x ) *J I* ( G a P ) ^ if»Wffii&S£l!©5t 
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J. Electrochem. Soc. , #M) » 

[0007] m&rnt^ ai(si) m&ihsm±<»>) 

XtifV-Jt* (GaP) it'lHJIlCJgB-S-arTSfb&'y 
^ (GaN) «^nTl^ ( rfllue Lase 
rand Light Emitting Diode 
sj (Ohmsya, Ltd. . 1996). 5 2 6 - 

5 2 9H#no . s i mw.<o$m^mitztti> 3 
com<tT)Vi=--jL. (a i n) mmm^fcL-x^ led 
fflj^roasaig^stfiK^nr^-s (app t. Phy 

s.Lett.. 72 (4) (1998). 41 5-4 

i 7H#m) . co«w*t*oT(±, a i Nmwmic 
[0008] gmm&*atbxmmm'Mft£&* 

TV* (©ttRPP 2 - 2 7 5 6 8 2^ ®NfflPF 2 - 2 
8 8 3 7 1 RZfl&ftmW- 2 - 2 8 8 3 8 8 

l±. iijg (i/U=i» , U WfcjWU^^ (GaP) £>* 

wmimm oc-sio t l 

Tt^SttTf* - 2 7 5 6 8 2*&&wm 

lo'JWti* (BP) ^£ft*iiSa5!f £IE*rf *K*6 
fcB/TSntl^ (#5i¥ 2 - 2 7 5 6 8 2 ^&$PJ!ijffl 
§ftif#M) . 

[0 0 0 9] BP(±. Sfc&ftffllll ffiBYbM^MMMSA 

»-<?** fcWBf* ft*. BP^aiHiin mmit^m 

TV* (4$B8¥2 - 2 7 5 6 8 2 -^fP^S) . L#> 
Lft*<£. yWtif'J^A ( G a P ) If Oli^SSStc 

b p LtwMifc^tftit g^s© 

t£. S i mm±lzmm : e ;7*X7 7 -< F (boron 
monophosphide : BP) ft %>W§iM 

zmm.-tzm'Szmmt ltw*. s i ©t&^SBu± 

5. 4 3 1 A -??<&*)> B P©ft^ft(i4 . 5 3 8 AT 
£>* (.LIB© r 1 1 1 -VlSfb^J*»(*J . 1 4 8H# 
M) . S£oT. ffi%o>&?(Dl ^.^•y^JSti. S i £S 
!>iatl6. 4%t;:g-f*. ;ro^ftiX7«;f«) 
fctol^, S iS«±CWW^fcBPlli, fttfcR 

&* (±12© rB**£ B e B fiES^tej . IS 2 4#, IS 2 
^( 1 9 9 7 ). 1 5 0I#i) . CW«Kt^3MJtftB 

PK©a®±ici±. ^8*©*fta<<b. a&tt©<&*iii 

[0 0 1 0] fi?i]^BP*^/«£*^»g«rmjcEfli 
Ltt, -E-©±tc«g£ftf=±JiT-£>*0aRtflll JSM 
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figs ft* £ tifK £ ft <,> £ ^ -j ±g<D^SJgJK©^Sc— 
M-*-*IBJllfc&*. S i 3MS B B B S1£±©BP*S 

tf-MlELtzi><»tte%<DtfmmX'jbZ> (Inst. Ph 
ys. Conf. Ser. .No. 129 (Inst, 
of Phys. (IOP) Publ ishing L 
td. (London. 1 9 9 3 ). 1 5 7 - 1 6 21 
#M) . IP*>. jj^OBPtliia, ±@©*£ B 3 B *©E 

— it&vmizmtz-? t © t t±ft ri^ft i>©3wstt-c* 

10 -5. 

[0 0 1 1 ] 

[f£BB d<|g& Liiit^ 5W] A^ H B B^.©S^^it#; 
(cf«tlSS^-*raffl^©|Hi»S:afl«ji:Lr, aDjT b ©III ft 

as^t. ±aojd<, saH-f-tswjHiSLtf**. &*b b b 
»*e B B B*is-h(c « wtw* (bp) mzmwmt lx 
m^xmmm&&&mmi-z&.mmtiii, st-r. mm 
**rr * 1 1 1 mmitv>)¥mfaii£ikte <=> ft * ±n £ 

#**t;:#JgftB PMWB<omfmft&*Bmx$>Z. 

20 [0012] *nB^r-t±. mm'&zG-tzttgkiDiu 
- vmt&fo*&w]fc&m<»®.&zt>tz h~tfztb\z b p 
»ji a««r*. * ^ # s# £ m^-t * z t & mm t ? 

[0013] ttz^ <) xmm (bp) «. ts^sis* 

4. 5 1 0 Ait^u^SoGaNtttftfcoJXv^ 

rmtmo. 6%tmfrx'&%. l*^l. »?®r* 

4 . 3 8 0 At-T-S>3i/3 B |©M'ftT;bS-^A (ft¥ 
it: A IN) iottf5X7?f»4, BP^liCU 
30 T**J3. 6%tft*„ Sfc. tS^SiSSr 4 . 9 8 0 Ai 
-S 51/3 5% W^t-< ({t^xC: I nN) 

^©5X-7-y^ffi(±. BP5rSSi(CLT^9 . 7 

-f -I., StoT, tS^©?Flg^(c^es-r-5*SB B B^PiB©tf« 
«r/hfc-r*III i^M^¥i»#:?SttJl?r«fig^*fctolc 
i±. Ill ]^{bl*^*(*S14Jdl4:BP*a«JBt©Wl= 

»^ ^F^^tt zmmx # * 1 1 1 sssft&j ¥##*£ h b bS * 

[ooi4] ^zx^mmx^ in -vai{t^!ft¥# 
fam&ihmmcDmwizmitzmwmizmtt % 1 1 1 mm 

40 <tt)¥»#:*£ B B B )l^ii^Tft*«)l«it#(c:^l>r. S£ 
SferotttcBPieSSlcitS. A 1 a G a b N (0SA. 

bsk a+b= i ) ^©iii mwitm^-m&m&mz 
s^-s-ar*8iB^.tt±sft-s^*a^-r*. ^lt. a 

tttt©* -53L^ B B B ©±J1 £-5-* **)5g©^ffiJl i m&x 

ise&a'ptt ^ 1 1 1 »ia<t«ji|iiiw*gttjic» l xmx 
ft ts^ * ?> -ri 1 1 mmm^mfomikm t © 

[0 0 15] 

50 [SH«r«8fe-r*fc*!>fl!>#8] *I1B^{±. ±IBL 
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r, mmm i cckobbi*. 111 -vm<t&®>*mt 
mmgkmfot, mmwLm&mzmitzmmmt, mm 

T, III -V«^^*IWM»l!i«MR4«atft:* , y i >A 
Ub^it : G a A s ) fr<b ft 0 > t££B<z>BBi;:»( * £ 

nfc^«B^, u xtmmz&fcttiik (b, Pj : i > 

U j^l) ©#W^£ 5 WKTFfc-f 4 '■> WtB* (B 
P) Sill -v]^b^*BflsBAfre>««Sft, 
«B£«£*rfc-riII £S<bB¥Btt£ABd<> Mb 'J 

y<tmmzK.mih (bp,- x n x : o<x< d *fcj± 
mimitmm 3 tcSA (bas,-,n v :o<y<i) 

[0016] *&wth±wiz^ m&m 1 ^mmommz 

iD^-T. Ga AslcS#ftte^S^tt£WU 
B*«J^*fc»^©A^«**mf:a«+*i»r* 
*. iP^> »*«2©56Wl± % ±I3BBB*<, 'J WtW 
-fVy^MS (Bu I n w P : 0 < U< 0 . 3 

2. u+w=n a^m^n-s z t zftmtTtz. 

[0 0 1 7] 

[bbobbotbbj ftSAiSAKti, wciy*^* 

A ({b^it : MgO) > ®tfbv>#> ttb¥St : Mn 
O) , mt-'y'riV (fb^it: N i 0) ^IKba^uh 
«b¥it : C oO) 3?©BB«BB©B<b«ja<ifc*. ^ 
□ hMro-^^Kv^^A (fb^xt: L i Nb 

0 3 ) ^?>?;H';f^i ("ffr^xt: L i T a 0 3 ) 
tt£0B4bMBAt>ft$A-C&«. L i Ga0 2 -fL i 
A 1 0 2 &4&:&;6A*£A-e«&-5. ~v>tjV (jciifE 
§:Ni) «©^*fcfcfr|frf©&B*>**. *fPflT- 

t±x \LH&t&&t L-cm^> mm^mmmmw -v 

8Hfc^¥#{*-e**BMfcj!r 'J •> A ( G a A s ) 4££A 
frb&tR&mifctZo igS'ttOGaAsli. t-i7? 
(Ohmi c) mM(D&mZ-ffli-%&tiL&fr<b^ LED 
D<c^©f6**^ |»©a««J(4i: LX& 

mirziu mm.ittfo*m#x?iz*3-3-ci^ imam* 

®B&<0 G a A s B£ A&££ i L Tfjffl T- § -5 . £ 

tz^ ns&miSMMoG a a s t±. [ o 1 1 ] «A»ti 

KiJJBfcBBtt&S-*-*. St^T, 0iR(£> GaAsJ 
S1St-r-l>LD(3S>^T(±, {0 11} 

[0 0 18] *S6WOBPS««JiC±, ±IB©GaAs 
£4£ AS£BB±C: » f ? * -> + «;« 

mm^9*i,-*)\,$L&m (lpe&o j:9fem*§i?£* 
-a (vpeso wm-tz. E.t&itmm (bc i 3 ) tt£ 

<Dfflt<®>&mftt-?Z'^nY> (halogen) VP 
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m^Ht LT(±, 3 0 0t^±6 0 OXlMTOffiBLWrn 

hib^: p> i-s&ztfrb. ttizmm&mmftMfum 

ffilffi (MOCVDS) t»a<c«fflt*s-?**. MO 

CVDffi-P*j8^©««Ji«r»**& x 2 5 0tJJLhT 

5 0 0tJaT©IM©ffiS:^©J^;Wg-f 

i-*j>\ mux 2 5 or 6 0 0r©SSHtc$,^„ 

[oo 1 9i z<Dmte&m}ffi&x®mLtzBP&&Mk 

SSh*OiWi?**. BBB tt^BP &JSAB© 
^MSS^TvR. 2 o onyLTx&zt, 
Aft&<b&-5. &6 5 Ot/4^ 7 0 0 1 -SSSSt? 
ti. jJ»(c(a{J^#;^*gA*^ffl^$n*twi:^^. 

BBAB^t&HMC* &bb £ n*ig«rB#» h 

BB£flK£fc*««B*&i|i*&A*fclPAK^i:SaB 
[0 0 2 0] #BW»BP*teffl««B«>«j£*:ffWl-i- 

1 l^lnvT-ScDWu aWb*"'J ■> A (G a A s ) *SSAS 
SI 0 l±l:fl»lfc'JWtiI (BP) *e>fc*flES 
1 0 2 ro^*SAiia^-C*-5. H 1 tcfc^T, ffi 

•&mmm 1 o 2 wwss 1 0 1 t<om^nm 1 0 3 <d& 

mt. Hlzm&sgM*. (JiMgA»iEoiiilMgA*4ft£) ^ 

ies^n/c^i 0 4 iftoti^. f©±stt ipa 

30 ©«iS*«fie-r^m*gAB*^{±*eA<*t±, (SSiS« 

mmrn±izi$.m $ n * *£ b b b b * xmm ^ -r * <fc 0 (cfF« 

pa<mw.istixtj;*ti&mmmii. iiiuiitt© 

6 -5 *s as * » * K»a©a* * *-r * . a© 

2{fc5cW«: (W4) *SAecOfiKg*Wii 
Sti4^«>T?*«. HU&Aft (B) 
«1 0 4©fJ (HIl t-IB^- "d" T-^-T. ) t±, iSM 

mmm 1 0 zn±W(omm (t^ **d" r-«-r„ ) ©^ 

l / 2%WiX'$>&. IP*>, — jRliC±, d<0. 5 - DO 
40 Mi%tc*l.„ JSflSKftfttfffiiNS, dt±*i:/j:*«|S|t* 

*. *a»#ti»i:LT<t*fiKi 0 5(±, fiigisai 
b©±b t Lxmmz n*nsAii«>Eifiitt«:aE— ft-r* 

[0 0 2 1 ] Sfc, *^T-t±. MS^Iff IB 4r««-r * 
ttA*!«*»fl«JKHfc«:4>oTBfW-f*. *IIBflr- 
(±> BB (tc*IB^ : B) 'J V (TciSSfB^ : P ) # 
B^"&**y WbUB di : e;7tX77'/ K: b 
oron monophosphide (BP) ) £3E 
4*4 LT{gSlg«)g^«)«-r-i, t©i:-r^»o BPW-X 
50 M^Alcti. BRQBBB?«:Bt>\ 3rH. 'J WbBB 
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^S&ISJb (Bi Pj : i > 1 . j 2s 1 ) U > 

( i ) £6SL<t± 1 3 tt--5.Be P^B.aPz 
(Acta. Cryst. , 14 (1961). 93H 
#M) . in^©|Mig B B a (t SMffc (r h omb o 
h e d r a 1 ) ISHfSigSrWi" -BA^aa ( h e x a g o 
n a 1 ) ^H^&<l> ( J . Am e r . Cer. So 
c. . 4 7 (1964). 44-4 7H#M) . 
r. i&Siilf file A#ll<7>iS£ B B B ##£»K#£-r 

5 2 BP - 4 B, 3 P 2 

f ta*^*(*es©$«* *ss b r 5 %j*iT t -r * c 

t|SIi;2 5 0t:£Lt6 0 OtJilTt-r^ro^tiOWFSP 
y v-ftfflB*^«^B B B B co#*a^ 5%i^T«h 

[0023] i&i&mmmzmf&i-z&ihfc. b 

#Sw*S B a B ®*^roX^(H]#f3taroit^?r & xm 0 *D 
BPi:B,3P a ©«qs»*4fr&©£«K#»£-tt 
ftSolSSMfrfcroiatf^fc^iWai-a-ciitttf, BP 
i:B 13 P 2 t€r»9JS«-r*^ffiiPJi:**. 
[0 0 2 4 ] 0 . ( 1 ) <m£ktet#ihmfc 

tfrzmi&zn. a.-? (2) b, 3 p 2 ©.fcofcy wbfflH 

3g£S&*£ B B B tf>-^rS£ 5 %^Tt LTffi)5E$n* B P 
«««JI±(-{1, *H£ttte«ft*, 5Mrfi«:£#i:L.T 

mans n*«fi»«r»^s -ar-caui-r* c t » *. 

[0 0 2 5] i©ft(flrttS:gfflLr*JBHBlft±, BP* 
^II±C M-ftT;u<-^A • jtry r-ji* ■ j >y^i> 
£11 (AlxGav I n z N : 0 SX, Y. ZS 1 . X 
+ Y+Z=1) £tt?»£**fc-ffc»(;:a5^&<fJUB 
^mt>¥#Wg B B B Ji£&1=r WflT- 
(4, KMfb^¥il?{**S B B B Jl£M 
<b 'J WBB* 3 5E£ B B B (BP,-x Nx : 0<X< 1) 
&«BW*. *fct±, SfttttftfflHR 3 7c£JI (BAs 
i-Y N Y : 0<Y< 1) frhmi&tZ. BP,-x N x £ 
fcliBAs-v Nv t±. 2££j£lt ( = X. Y) (Dim® 
KioTAlx G a y I n z NSaic»?»&Tf#*^ 

•b-c-fc-s. hp*.. *^r-t±. ±l©BPf«t, 

Alx Gav I nz NtffljWS^Ifc-tt'SBP.-x 
Nx SfctiBAsi-v Nvt©S^«ljS^€.'5t*T«l8l 

[0 0 2 6] mmMf&it* 0 . 03 ( 3 %) t 

-r«BPo..TNo.o3*£U\ ♦frFSRSM. 5 1 OAi 
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*££A©ejM*fc J: 9 0%^S^-5 

iL^ B B B ^i{*iLT^^fiE«JS$rt#^(C(i. B, Pj 
(-l&Kti. i>6t-j = lifc«2) £M*M£li<Z># 
fimZl 0%lXTi:-r%. »4U<li5%J^Ti:-r-S. 0 

[0022] y WbB££Bttl££ (Bi Pj ) 

ftWfi < fflWM £ 4lfc B P $JgffiB l±, j$gtfflft * {£ < IS 
^■tnifff^n^o J&ffitSJgti. 2 5 0tJiUiT*i&7 0 

otjjtT*<a-r*. b p t±. wasiwiT-cj>:o<t*EJC 

it ( 1 ) KftfB.aPz IzmtTZ ( J . Amer. C 
10 hem. Soc. . 82 (1960). 1330-13 
3 2 H#M) . 

+ 1 1 P 4 • • • • SSxt ( 1 ) 

-r-5.iL* B B B OTMfb#y (GaN) icte^SI-g-SrJilTt 

•t*£ B B B g^)?£T*t^„ ifc. BPo.saNo. .7^<E>t±. 

Sl*fi©S<kT;U5-'>A (Al N :»?S»-4. 3 
8 OA) ttt^FSE'&iSfc-rtgaB^fll^-C**. BA 
si-y Nv (±. Jt«W-f vy*£iHJ£Jt<DW^SL3ffi3 
ffcf > v AMp b b fc^SE^£*fc-f KfcffifclSflB 
20 tU*Jfflfl4. 0iJ;Uf. BAso.97No.03lt -f> 
v AfflJ&tt# 0.50 OjJUJgG a o. so I no. so N t 

g£ * "f *SJIB iW. 
[0 0 2 7] ±I20BP,-x N x tfc:±BA Sl -v N Y 
*S B B B Jf t±. *5SW©««(=J:*««W^S^S-a-rit8l 

snt^sfcft, a«tt*f«f-§-**x, ic^it«:i<*t u 

T«^T-#-5±(C. Alx G a y I n z Nfc*?Wt 

-S*S B B B ^R§rom«^fi«$n/cA l x Gav I n z N$s 
30 HB£«B-f 

[0 0 2 8] *^T-(i&c. Ill -VHt^i*«(t 

B 3 B ^£^t-r-S.^ttro*^±B$r t te h-ttztbizm® 

^tn&smsm omrnm # * . caAs«g 

Htzo^Tti. Bu I n. P*gJ| (0<U< 1. U+W 

= 1 ) KK^xmmmmt (=u) «:o. 1 e^t^B 

o. is I no.84P^'c>t&?S-&L/c«ffiB*«figT?§-5. 
a**5 B B B i: ©t&^fi^*Sfci1SS©li«itt±. 
K (Vegard) O&fUJ teBffi^. ri 1 1 - 

40 VM^MSj ( 1 9 9 3^7^30 BiOTfE^ 2 »J. 

«*) notaiifT) „ 2 7M#M) ^iifflbT**'?, 
n-s. Bu 1 n« pm£kfrhffi&mmmzm®.-t%$i 

t±. 0. 1 6?:S$lcLrM> ± 5 0 %o|BHl^T*S, 

*. »iL<t±, 0. 1 6 + 3 o%r-*>^„ hp*.. 

L^flB*ilfl«Jtt±, 0. 1 1J^±0. 2 UitTroigHlc 
[0 0 2 9 ] SIRtOfiWftt^S^tt^fcfe^-rffiffl 

50 irfflii-r^«iisro*s B B B B^aji$-a-riS(3g-r zztbia 
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#Rtf , mm&^mm (straind lay 
er super lattice) %ffil&LXM.Miffi 

/ltf> ±IBtf>Bu I n w PSSrofflB^fflfiJcJt) t±, 
£«fi£irsl£ B B B <fcl^-rote^5££&£ i b-t±B(Dmfc 

G a A s lz&?m'£Z3ktz-tmmMf&itT'& -5. 0 . 16 
«rlSiar, ffl)5£lt5rtg-«^(a](c± 0. 0 8 (8%) 
-fo^b$-£/c. Bo. os I n o. 92 P i: B o. a* I no. 7 6 P 

ffifiKT- ft -5. «iS)5EJ±^ ^n-f-'n 0 . 0 8 Rlf 0 . 2 
4 tn2I©B I nPSSH.Ji^'^-S 2HfiJHiiji£ 
lffliL/-c®IST*it#:ro¥lS|S<]^W^fi!cJt^O. 1 

£J§1=r. l=lffiit$r«^-r-5Bu I n« Pffig (0<U< 

i . u+w= i ) m&m'omzmmmfS.it (=u) 

*roglMgC;i\ ±0. 1 6f*«ct*b, «ffi/&tt 
wKOtf-S-KHlt, 0<U<0. 3 2£&-5. 
[0 0 3 0] i«)«4GaAsifitffltft?Stt4 

KtceHSKK&tt-SBP.-x Nx JfcliBAs 

-SBP.-x Nx ifcliBAs-yNv eflJB±l=(4, *S 
flttKflHxSA 1 x G a v I n z NttJMtfitgt-?& 
-5. SKK&ft-SA 1 x G a y I n z NJgSB^^ti. 

? »»K(c«ti* * * ;UBfc if offittJi*«««-?? ft 

[oo3i] Mmmzmm-rzmikm, mmzmmmiz 

^**BP.-x Nx ifcttBAs-v N Y *h.HJI© 
[0 0 3 2 ] ««rlBKS^S-e-*BP,-x N x 4fctiB 

asi-y n y isMa, mmm<o®&tmc<'^'( k 

(ha 1 i de) VPE& >V P Effi) ^MO 

C V D £tt if *f ijffl L TfiEMT- ft -5 . f&tfJSt^ fcjg i > £ 

•) c, mmmcommm^-^ y cm 

««Ji3ttf{-««JiJ-»#4-a-*BPi-x N x 4 

fciiBAs,-y N Y i&ikmzmn.'&.mtirzwftmx' 
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izmmmizt£&ts-&%BPi- x n x 4/-c(±bas,-y n y 

*tf> a*(Si)^M8 (tc*E^- : S n) tt£©S5IV 
8e**fi*9*>-fe U > (5Eif51B^ : S e ) , «5Se (tcJRE 

* : s) m<omv\wzm®)Z K-ev^naw&n 

10 13 (tc^IB^- :Zn)*7^->vA (7cltiE# : M 
g) £li(iJMVK«>HHR (5c*IB^- : C) * K-tfvjr 

[0 0 3 3] 

[fFffl] *^bho!S*i@i (;:E*©iBflMeH-e»£flt3n 
fcBPjfi««jit±, ±g$r^-r-s»*s B B B ^5r^Mt-r 

nHsmts ntz b p mwffiBit, ±m tmi&-r tmum z 

[0034] *fc, m^m. i tciBitro bp ^testes 

20 ^•LTRlJ-e.nfcB A s N SfcttB P NSSBflJlti, 
A 1 G a I n N^ a H a IiOfSfS^tt 

[0 0 3 5] ifc, «*]I2ro5|Bfl(c|Be(D^«gli > 
G a A s Sffiftft <h © te^F S^tt ^M4t©it§ft 

[0 0 3 6 ] 

[JUfeOT (9? 1 0>fS*te«) J*Tr\ 3?j!n5£i]£ o 
W?rp«B{i|%B^-f -5„ ^ i (ommmxii, nIGaAs 

30 ed) 3*m&ir&m&mf-c*&*ji£M&mzim-t 

[0 0 3 7]fflfil01(i,a*(Si)S: K-f>r 
(d o p i n g) Ltznlffitit-ifV O l> (G a A s ) t 
Ltz. y > K-7' (undope) <DnB>) >ft« 
(BP) ^b^Wil 0 2(±. E.i&{tmm (BC 1 
3 ) /Htttfb'J > (PC 1 3 ) /7K^ (H 2 ) ^N7f 
KVPEfttcJ; WItfc. GaAslSl 0 I t«g 

snw i o 3 ©ifi^iwsrar^ra© u >Ybw* (bp) 

ilUS&tt (g) $r^#i LTi«$n«flS 1 0 4 <h 
40 ^<0±^^r#p B B B Sft$r£#:i:-rs^l|!cl 0 5fr£« 

(j^t, ib^ "d" x-m-t) 

(mffi: nm) ^mffil 0 2i:fe.T, BP^IS 
B B B Jllri#;i: 1 0 4 ro$HSro(P$ 

(J^T. IB-^ "d" -Pftf) t±. S3nmiLfc. 4 
fc, fi!cMfi)g?r3 5 Qtt1rt>z.t\zX.-3X^ WffiWil 

o 2ic-i-w$n^B, 3 Pz cf^sn* u wbw*^« 

*MSfl©»ft«:, l 0 2 ©£#£1?|»?Sc-f £ B P 

(boron monopho sph i de) ©2 %M 
50 liLfc. 
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[0 0 3 8] mmm 1 o 2±«c(i, ±is^/nd^>vp 

Ei££*'JfflL. 9 3 0tT*Si$:K-f>^L/;niB 

Po.9 7 No.o3^'b^^ B s Bii 06^111, mmm i 

0 2 tm^£J±tz 0 nfBPo.97No.o3lS B e a ll 0 6(7) 

mmitfoo. 2 wmt^o, vrmmtfos x i o 

18 cm- 3 <h Ltz 0 

[0 0 3 91 n^BP 0 .9 7 No. 0 6±(cti. 

S i V-V'n^mitif') (GaN) ^^^^TSP^ 
77FI10 7 (mm ( t.) = 1 . 5/im,+f 'J7I 
g(n)=l. 0 x l 0 ,8 cm" 3 K 7 > K-7"On7g 
mitifV <yi* • * >v*A«Hi (Gao.88 I no. 12N) 
10 8 ( t = 0. 1 //nu n = 2. 1 x 

1 0 18 cm" 3 ) . »tf7jr*i/»)/» (Mg) 
mtTfo^-*?!* • #U ^ASS (A U. loGa 
0.90N) 7^&3±SP?^«y Kg 1 0 9 ( t = 0 . 1 ju 
m,+t'J7i« (p)=4. U10 I7 cm- 3 ) 
iX9BLt, p nf^a^iKrai^Q 2 £ 
««Lfc. 5:^ Q B H^n?gBPo. 9 TNo.o3$S H B 0ll 1 0 6± 

\mm\,tz&ft®2*m$L'tz>&m\ o 7-1 o 9«i. 

ao.ssl no. izNCi. >S?-> Ajgg^ffljS^-SlggW 
ti(phase)^^^fflaj|^ H B a IH/:o p 
TfM 1 o. ioG a 0 .9oNl 1 0 9_tK(i. Mg K-T'pjg 
GaNi (t = 0. ljurrup=l. 0xl0 18 c 
m" 3 ) £n>*? h (contact) Bl 1 0<hLT 
«1U, LEDffllOSiffiMl fcttLfc. 
[0 0 4 0] «IiMlOiIl^W3>^ hg 

i i o±^«. ft (Au) mMMfrs>miLLtzpm<D* 

?MM \ 1 2fcU nfGaAsi«l 0 1 <£>«Mffllc 
"-<fc" £®«S<h LTSttfc. *tf>^ ^±(7)*gg« 
JI*l^GaAs WgLmm^zWSt'tZ [01 1 ] *S B B B 
JjftlzmfflL, — H£,ft3 0 0 umt-fZlEft&orv 
7*(chip) at, 0 2 tesvr I I [ «SS{bft¥ilM*; 
L E D 3 *»EgLfcc G a A s *<7C*. [01 1 ] ISH 

[0 0 4 1 ] LEDZ<D±TlzmMz*-^v?nM\ 
1 L 1 1 2co|HI^«»IfiI(c»f|F«8S*aaLr. Sfe 
#0>5»t*:»fc. «^|Sl«Se«: 2 0 ^ 'J T >^T (m 
A) tcJ^Lfc*0|BJta>itiiDa«t4*?l4 3 0 nmT* 
o/c e SfcuSSytx^? h ;l/0*<S*seiW 2 Onmt^ 

IS^f^lSffi (mm, V f ) Ci. 2 0 mASSB#(;:^ 2 . 

8 /-ton* (v) tt&r>tz 9 *mmm<nmmz±*LED 

li. *7r-f 7*Sfiit4S»©S»fiL E D it« 
n«*aS:«[|8:-r*A:tf>(c38JtH©— 

Lt> JiytUVX^SLfeWBl^-^K (mold) 7 
>yo^ib^t±. » 1 • 2*>7*7 (cd) il^Tt^ 
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mizmntz led #a#t snst©t4^/s:„ 

[0 0 4 2] (* 2 ©HSfeW) ** 2 ©Hi6«-e«±. SiS 

i <ow&mizmm<of&&m 1 0 6$:, nfBP 0 . 97 N 
o.osfr^'mim.itmmmgk (bas,- y n y :o<y< 
i) cfiit, m3iz7*irmmm&i*4&m&Liz. 
i»BAsi-Y N Y ^b^^n o ecommm 

fflt ( = Y) (±.0. 19(1 9%) izW&Ltz. 
[ 0 0 4 3 ] H 3 fc*5^T\ Hffig 1 0 2 £*SgiT>S> * 

r^^jwti. si i <omiMmtmmr*$>z 0 mmm 1 o 2 

10 (cS^S-ar^eaB 1 0 6 t±. ±iSO J: -9 KSffcttWbffll 
mmgk (BAs,-y Ny . <ilY=0. 1 9) CSIL 
/c 0 Si h'-7 , nfBAso.8iNo.i9^B S Hll 0 6 J^t- 
(i, BAso.a.No.,9 (fef£S= 4. 5 5 7 A)«hf§ 

y 1 )^ (G a 0 . 90 I no. 10N) ft £ TSP ? 
Kg 107 (t = 0. 5 urn. n=2. Ox 1 0 ,8 cm 
" 3 ) . (Zn) MS i £ K-fcTVTXfctt*** 
i^t^nfGao.8 2 I no. isNfrbteZmitm 1 0 
8. MMg K-7'p^GaN^b^:^±gP^77 Kg 
20 10 9*. IBftOTLTp n^in/^faii^ 

[0 0 4 4 ] u^^iftit^pfGaN^^^^i 

-IvfWmi 1 2 &JgJ5gLTLED6 tteLfc (HI 3 
•JH) o LED6U»ff«8K*)ft&fi|^aSf[Lr. iffe 
flf©5Kfc*»fc. IH«|a|«SK«:2 0 ^ (m 
A) (Ct^L^I»<056Jt«)itiiC ? afitt»4 5 0 nmt^ 

30 o/c 0 £7^ IW7?[S]®/± (mil> Vf ) Ci. 2 OmAI 

m%izth2. (v) tt£~?tz 0 ^mmm2<om 
ztztz&b^ mtvyx^mi,tzmm^-)w (mo 1 

d ) 7 >"/(Z)*Jfeta*«±^ ^ 1 • 0 ^7 VT'V (cd) t 

m^mmiz&ntz led h<ot^^tz 0 
[0045] ( jp 3 ©n««) m 3 oaiflt?fMLfc 
8W«&{**B4K*-r. JB 3 <oHjSfeWW4. h 

40 v**)i>mm ( (ch 3 ) 3 b> zmm (b> 

n^>?v^;U-f >v^A ( I ) (C 5 H 5 In 
( I ) ) >v^A ( I n) RXf*X7 4 > (P 

h 3 ) *'j > (p) ag^-r^s^^jEMoc vdsc 

<fc»9. Wtffl* • -f Vv^AffiB (Bu In»P)* 
^tt*«»Ji 1 0 2 £Zn K-rpJgGaAs*eSS 

« 1 0 1 ±izmitz 0 mmm 1 o 2 meeAitt: 

0. 16 itl>Zn K— 7*(DpJ^Bo. ml no.s 4 PSBl 
Zm^tz. GaAsSISl 0 1 ^©g^Il 0 3iS« 
0 4 ^iL^ScDBo. i6 I n 0 .84P^b^^$S 
50 Aft (g) ££#<hLTHiJ&L. -t©±»©««l 0 5 
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iBtlntPirbti; B B B ff t L xmiS.? 

tzmz^ mmm 1 o 2 1±4 2 ot-eisfiLfc. ntzmm 

tc. ^rogcfiiSJKt±. B, 3 P a i?Jc^t±Be P©«fc-5&'J 
Wt«£«i«ia B B B ©^WS£iirfljB 1 0 2 5 

(KIT. IB^f "D" r-tett) £iftl 5nmttl,W 

1 0 2c*or, ±isom# Of) *^»cfi*-rs 

S«l 0 4 ©J?S (J^T. IB^- "d" T*!e®) (±^J 1 . 
5nmtLfc, BP*;. d/D=0. 1 0©HSiLfc. 
[0 0 4 6] ±fE©Bo. is I n 0 . 84?frhu&mmm 1 

0 2W^ffi±(cti. Zn£ K-tTv/Lfcpf BPo.9» 
No. osSJIB 1 0 6 ( t = 3 . Oum, p = 2. 5x1 
0 18 cm- 3 ) Sr. (NH 3 ) £MSt (N) 8g 
t-r-i>^EMOCVDJ£(CJ:0. 9 3 OTCT-^Lfc. 

x^ia^-;*.^? mu*^. mm 1 o 6ii3i7? B B B ££f*£ 

[0 0 4 7] p7£BPo.95No.o5*gJIJg 1 0 6±(c(i. 
ISIS 1 0 6 IC— £fc-f <5t&^£& (= 4 . 4 9 1 A) fflM 
g K-7'coiL^S«rii*t-r^p®A lo. .sGao.ssN 
SJIB(t = 0. l«m, p = 5. 0 x 1 0 17 cm- 3 ) 
£TSB7 7 y KB 1 0 7 t LtiiLfc. 7 y K 

SI 0 7±{C(i. jir;£ l f B £=E#4:-f -57> K-7©nJg 
G a 0 . so I no. loNtfUIB (t = 9nm, n~5xl0 
17 cm" 3 ) SrfgftB 1 0 8 t LtaiLfc. ISftB 1 0 
8±tc(4. S i £ K-f>rLf=ALy? B e B ^^#:i:-r^n 
JgGaNB(t = 3. 3 urn, 2. 3xl0 18 crrT 3 ) 
£±gP? 7 7 KI 1 0 9 t LTil LT, p nS^Iffl 

$D<OLED ffl3£©«B«f 7 &*t$ L fc. 

[0 0 4 8] ±SB?7'y KB 1 0 9 K>^®±lcT;b i - 
■)A (Al) 3£»§tfrS>fc.6nflN--; y 1 1 2 

ZBtfiLtz. p«GaAs!tl 0 1 ©KSfJtcti. £ 

(Au) -Zn^iSSIfLtpf t-5 'y 

1 1 1 ^MLTLED9^MLfc (0 4#M) . * 

111. 112 ©Pflt;:. 2 0 5 U 7 V<7 
(mA) ©Jfi;£fi*8K*SaLfclK©£ft©4MjifcRCi 
&J4 6 0 nra^^fc. BE/i-S^T.^ ^ h ;KD¥{gi|il 
ti**)2 5nmtttofc. HI£ftS/± (F/tII. V 

f) 14, 2 0mAiI®B$(cji$2. 8tf;H> (V) btii 
fc. #lljfcfl©*i£»;:J:.&LED 9(4, t7 7 ^75:I 

wmza: < «&-e * n tz muvx^l fewns* 

— ;U K (mold) 7 >7'<7)5l7 , c!±J^(±> 3$ 1 . 4 * > 
^7 (cd) tfE3t3t*KftnfcLED**««Sn*t 

(OtU-D tz. 

[0 0 4 9] c^ss^ : tem) 

ffl LfcWET E J: 0 . 8 ©nfiB£j|fltj& 

ZmmLtz. 4&mm 3 ©5E3t» 8 14, GaAsSlSl 
0 1 t*«^t*Ba .el no.a«Pfrfc*ll£3ft4« 
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«B 1 0 2 i, K^ffiB 1 0 2 fcjg^-f -2>, TSB?7y 
KB 1 0 7 icte^Pg-g-r-S BP0.95N0. osSUB 1 0 6 

(cjia-r*iE{auw«&*»(^tt < > ts&mzgtti* 1 1 1 

10 ^1 0 3 *^,^i 0 4 cm-'mmttsiitz. zornm. 
C4. tS£*©*7T-fr««±icift(tfc»?^»^©» 

ytSPl^roteffiffiJS*^ 1 0 ,o cm- 8 Sftt?**©(;lt'< 
tt(4 (Appl. Phys. Lett. , 66 (199 
5 ) , 1 2 4 9 . mm.) &&lz&'PLr^Zi><?>ttSir> 

*©^ b b b xrb©'>& t *f§jM£i =ffn * %7ta5^«B $ n 

[0 0 5 0] 4 roHife^J) 0 4 ©35Jfe0>K-l±. ±12 

3 om&mizmmLtzBo. >* i n c . s^psaiom— 

20 Bri^ft-SiSiffiBl 0 2Cft§LT, Zn K-7*pJgB 

0. 01 I no.ooPSalA^^-S^ 1 (Dteikm 1 1 3iZn 
K-7*pJBBo. 31 I no. 69 P-ol B 3 B A^^-i>B2ro^ B iB 

i 1 4 t*5tmzmmLrtiiLtzm.mte¥mm<omffim 

1 0 2*»£Lfc. *m 4 <OHife^J^t)-5«B*^#: 
1 0 £0 5 twTs-r„ SjB&Hft&ottffB 1 0 2 Sr^-T 
W 1 2 O^B 113. 114 ©HIJRfiJSJttt, 

^tl-e-tiG a A s (c*&^S^^--i»fljH^fflJ5KJtr'*.-S 0 . 

i 6^»clt±o. 1 5 <oms.izt%mLtz. 
mmm^vwrnizmmz-ezvit. b 0 . 0 . i n 0 . B9 ps 

30 B B B A^/i^^ 1 ro$S a B B B 1 1 3 tZn K-7*pJ£Bo. si 
I no. 6 9 PS H B a*^^-&^2cote B IB 1 1 4 trofi^-g- 

[0 0 5 1 ] ±15®^ 1 SO-*^ 2 (7)S B B B B 113, 11 
4 (4, i KSB 3 © H*«nj(cfE« L fcSHM O C V Dm 
«Lfe. M*i©$£ B B B B 1 13. 114*,, 57J3H,* 
±<tiLTi«t5fc», ifc, B, 3 P 2 JC«**n* 

3 8 o r T«fLfc. fsj, m 1 St>*^ 2 ©$S B B B B 1 1 
40 3 . 1 1 4 ©BJ?l±. ttl:^8 nm^^L7t 0 

[0 0 5 2 ] SSte^«it©i^«B 1 0 2±(c{4. ffl 3 
©HJfe0>Jt3ie«©^B^it<*t|WJ-©fSJ^5:W-r-5. P 
JgB Po. 95 No. osSUB 1 0 6 fc<fc?>'T£P:7 7 >y KB 1 
0 7, fg;fcB 10 8. ±gP^7-y KB 1 0 9 <b ft -5 f£ 
Jt»l l£fiB£-tf. H5l=^-rLEDffl*©«B*Ji 
^1 0«r«WcLfc. «B*Jii*l 0 
±SP^ 7 y KB 1 0 9 (Dmm&Zflz p ff^G a A s S« 1 
0 1 ©8M(c^3©3IJfe«aji:|Hj^©*-5 -y 1 1 

1. 1 1 2 $rIStJLED 1 2 «rfl|«Lfc (H5#M) . 
50 SSM«?att« (Hftft; : T E M ) Lfc^rBT 
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e M&mz d; zmmizmtui^ nmsmo&yetti i 
i±, ¥®mtmmmmt>k o . 1 6 t-tz g a a s mm 

1 0 1 t&Tm-S-tZB I nPI^b^SliBfi 
it^ffig 1 0 2±(C TSP?7y KB 1 0 7 ttt^B 
■g-r-5BPo.9sNo.osSSB 1 0 6 £3>LT«g£*lT 
i^*<ift(c N &{cS*&<h3iiigroj?Mi 0 3£«ol9J« 

srse^ Lxmytmffl&izwm-tzmmtw btHz'ptt 
<. £ji&u:ftn«m t^fl^¥#ttts&B**wj£ 

#*t>n*(EffiffiS(±. ift 1 0 3 0 4 cm" 2 *! 

[0 0 5 3] 

COG a A s a«±K»t* B P £ffia8Wfld<jStiH£(:: 
«n*±B (III ^M<bt)*«^SB) fcfcfcfc-ff* 

t M 1 1 ^Sfttl^ilW^JIgfr £ * *385£»:Wft3t-e # 
[0 0 5 4 ] Sfc, f»*3ai l-IBtt<7J^(^-5BP* 

owe t -tnicis^ $ -ttfcaastttcflEft* b p nsase 

^CiBAsNSHiB£^£ft£TflMaS5U±. C^b© 
IS*«?7'y KB^£1»&-f -5A 1 Ga I nNISHBi: 

££-r -s fc tb iz , £i» ttisstt^ f, & -5 aytas * « 

[0 0 5 5] fcC, W*ll2tz|H«co||H^tcJ;tH±\ G 

T?#*Bfc*£ft*T*&«IB*&a#*-e£*. ^coTite 
«B3U±, &#fc«gfittfr S> 4 5yfc» *8WT & tz tb 

[HI] SMttfU'/A (G a A s ) «tR±©y WbW* 
(BP) ^-Sffi^ffiBco^gpco^ffl^^^-r 
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[02] SI ©jUfe«ajtcIB«©L E D©flHfi*«i$tti;: 
[0 3] S2coH»J(z|e«roLEDco«fiE$:«SB<jlc 

[0 4 ] s 3 <onm®nztm<DL e Dmmat&matQiz. 

^-TKfrM0'eS>-S>. 

[0 5] m4<onM&Hzmm<DLED<Dmi$.zmi&mz 

io ira^©s#!] 

1 mmmxkfc 

2 HftSP 
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